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Abstract
Homogalacturonans (HGs) are polysaccharide co-polymers of galacturonic acid and
its methylesterified counterpart, that play a crucial role in the mechanobiology of the
cell walls of all land plants. When extracted, in solution, at pH values above the
pKa, the carboxyl groups carried by the unmethylesterified residues endow the poly-
mer chains with charge, making these systems interesting polyelectrolytes. The inter-
and intra-molecular distributions of the non-charged methylesterifed residues and their
charged unmethylesterifed counterparts are vital behaviour-determining characteristics
of a sample’s structure. Previous work has led to the development of techniques for the
control of the amount and distribution of charges, and with these tools and samples
available in different degrees of polymerisation, including small oligomers, the system
offers a flexible test-bed for studying the behaviour of biological polyelectrolytes.
This thesis is rooted in exploring the use of computational approaches, in particular
molecular dynamics, to calculate the conformation of such polyelectrolytes in solution
and to describe their transport properties in electric fields. The results of simulations
are, in all cases, compared with the results of experimental work in order to ground
the simulations.
First, in chapter 2, these simulations are applied to calculate the free solution elec-
trophoretic mobilities of galacturonides, charged oligosaccharides derived from digests
of partially methylesterified HGs. The simulations are compared with experiment
and were found to correctly predict the loss of resolution of electrophoretic mobili-
ties for fully-charged species above a critical degree of polymerisation (DP), and the
ionic strength dependence of the electrophoretic mobilities of different partially charged
oligosaccharides.
Next, in chapter 3, molecular dynamics (MD) simulations are used to calculate the elec-
trophoretic mobilities of HGs that have different amounts and distributions of charges
placed along the backbone. The simulations are shown to capture experimental results
xiii
well even for samples that possess high charge densities. In addition they illuminate
the role that local counterion condensation can play in the determination of the elec-
trophoretic mobility of heterogeneous blocky polyelectrolytes that cannot be adequately
described by a single chain-averaged charge spacing.
Finally, in chapter 4, the last part of the research focusses on the configurations of
these polyelelectrolyes in dilute solution, and on how the interactions between several
chains can lead to the spatially heterogenous nature of polyelectrolyte solutions. Such
questions are of long standing interesting in the polyelectrolyte field and the results are
compared with results from Small Angle X-Ray Scattering(SAXS).
Overall the work demonstrates how state of the art MD approaches can provide in-




I would like to thank God first to giving me an opportunity to have an experience of
living in this beautiful world and have a chance to travel around the globe to see the
glories of Mother nature. After that I owe a big thank you to my supervisor Prof Bill
Williams not only as a great supportive supervisor but also as a friend. His passion
for science and novel ideas helped me to accomplish my PhD project. His efforts
brought me to a level of a scientific researcher which will be a stepping stone for my
next career. I also acknowledge my co-supervisor Dr Fu-Guang Cao for his helpful
advises. A special thanks goes to Dr Davide Mercadante for his help and guidance in
computational methods. Dr Bradley W. Mansel is thanked for performing experimental
SAXS work. The Institute of Fundamental Sciences is appreciated for the award of a
Graduate Assistantship position and financial support. Dr Stephen Keen and all other
staff in the physics department are appreciated for their friendly collaborations.
I wish to acknowledge the contribution of NeSI high-performance computing facilities
to the results of this project. NZ’s national facilities are provided by the NZ eScience
Infrastructure and funded jointly by NeSI’s collaborator institutions and through the
Ministry of Business, Innovation & Employment’s Research Infrastructure programme.
Last but not the least, I would like to thank my beloved wife for her supports, cares
and all times that I had to spent for her but I used to work on this project. Thank you
for your patience and kindness. I would like to thank my parents, my elder brother
and younger sister. This project probably wouldn’t have been done without all of their
supports.
xv
